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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. application Ser.

No. 14/219,134 filed Mar. 19, 2014, and 1s based upon and
claims the benefit of priority from Japanese Patent Appli-
cation No. 2013-060816, filed Mar. 22, 2013, the entire

contents of each of which are incorporated herein by refer-
ence.

FIELD

Embodiments described herein relate generally to a dis-
play device.

BACKGROUND

By virtue of small thickness, light weight and low power
consumption, display devices, which are typified by liquid
crystal display devices, have been used as displays of
various kinds of apparatuses. Active matrix display devices,
among others, have been gaining 1n popularity as displays of
notebook-type personal computers and portable information
terminals.

In the meantime, 1n the liquid crystal display device, if a
voltage of a same polarity continues to be applied to a liquid
crystal, a display defect occurs. Thus, polarnty-inversion
driving 1s adopted, 1n which a polarity of a voltage applied
to the liquid crystal layer 1s switched at regular intervals.
When the polanty-inversion driving 1s executed, 1t 1s nec-
essary to cyclically change the polarnty of the voltage of a
power supply line. For this purpose, a plurality of reference
power sources are prepared in advance.

However, at a time of power-on, 1t 1s uncertain to which
of the reference power sources the power line 1s connected.
As a result, the voltage applied to the liquid crystal layer
varies, and there arises a problem that a display defect, such
as tlickering, 1s visually recognized. To cope with this
problem, there has been proposed a display device which 1s
configured such that no display detect 1s visually recognized
at a time of power-on.

In the proposed invention, however, the power supply
voltage 1s applied to all pixels at a time of power-on. Thus,
when this mvention 1s applied hereafter to a display device,
such as FHD (full hugh-vision), which has a higher resolu-
tion than a conventional display device, an instantaneous

current due to switching of the power supply voltage
increases, and, consequently, a load on a driving circuit
increases, leading to a cause of the occurrence of a fault of
the display device. In addition, due to the increase 1n electric
current, there 1s concern that the specifications, which are
required for the display device, are judged to be unachieved.

BRIEF DESCRIPTION OF THE DRAWINGS

A general architecture that implements the various fea-
tures of the invention will now be described with reference
to the drawings. The drawings and the associated descrip-
tions are provided to illustrate embodiments of the invention
and not to limit the scope of the mvention.

FIG. 1 1s an exemplary block diagram illustrating a
structure of a display device which was studied prior to a
display device according to a first embodiment.
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FIG. 2 1s an exemplary view for explaining an operation
relating to a control signal of the display device which was
studied prior to the display device of the first embodiment.

FIG. 3 1s an exemplary time chart at a time of power-on
of the display device which was studied prior to the display
device of the first embodiment.

FIG. 4 1s an exemplary time chart for explaining a
problem at a time of power-on of the display device which
was studied prior to the display device of the first embodi-
ment.

FIG. SA 1s an exemplary view for describing a scanning,
line driving circuit of the display device of the first embodi-
ment.

FIG. 5B i1s an exemplary view for describing a scanning,
line driving circuit of the display device of the first embodi-
ment.

FIG. 6 1s an exemplary time chart for explaining an
operation of the scanning line driving circuit of the display
device of the first embodiment.

FIG. 7 1s an exemplary time chart for explaining an
operation at a time of power-on of the display device of the
first embodiment.

FIG. 8 1s an exemplary view for explaining an operation
relating to a control signal of a display device of a second
embodiment.

FIG. 9 1s an exemplary block diagram illustrating a
structure of a display device of a third embodiment.

FIG. 10 1s an exemplary view illustrating an equivalent
circuit of a display pixel of the display device of the third
embodiment.

DETAILED DESCRIPTION

Various embodiments will be described herematter with
reference to the accompanying drawings.

In general, according to one embodiment, a display device
includes a display device comprising: signal lines and scan-
ning lines extending 1n a first direction and a second direc-
tion respectively on an insulative substrate; pixel switching
clements formed near intersections between the signal lines
and the scanning lines; a signal line driving circuit config-
ured to drive the signal lines; a scanning line driving circuit
configured to drive the scanning lines; and a display pixel,
which comprises a pixel electrode connected to the pixel
switching element and a counter-electrode opposed to the
pixel electrode and a storage capacitance, wherein the signal
line driving circuit 1s configured to apply a voltage, which 1s
identical to a voltage of the counter-clectrode, to all the
signal lines when a control signal, which 1s supplied from an
outside of the msulative substrate, 1s at a first logic level, and
the scanning line driving circuit 1s configured to turn on all
the pixel switching elements when the control signal 1s at the
first logic level, and to turn off the pixel switching elements
at different timings when the control signal 1s at a second
logic level.

First Embodiment

FIG. 1 1s a block diagram illustrating a structure of a
display device which was studied prior to a display device
according to a first embodiment. An active matrix liquid
crystal display device will be described below by way of
example.

The liqud crystal display device of FIG. 1 includes signal
lines S1 to Sm extending in a first direction on a glass
substrate, and scanning lines G1 to Gn extending 1n a second
direction. Pixel TFTs (Thin Film Transistors) 1 are formed
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near intersections between the signal lines and scanning
lines. A drain terminal of the pixel TFT 1 1s connected to a
storage capacitance C1 and a pixel electrode 2. A liquid
crystal capacitance C2 1s formed between the pixel electrode
2 and a counter-clectrode 3, which 1s disposed to be opposed
to the pixel electrode 2 with a liquid crystal layer interposed.

A scanning line driving circuit 4 drives the scanning lines
G1 to Gn. A source driver 5 drives the signal lines S1 to Sm.
The storage capacitances C1, which are arranged in the
scanning line direction (second direction), are commonly
connected at one end to a storage capacitance power line,
CS1 to CSn. A number of storage capacitance power lines
CS1 to CSn, which 1s equal to the number of pixels 1n the
first direction, are provided, and a voltage, which 1s 1dentical
to a voltage of the counter-electrode, 1s applied to the storage
capacitance power lines CS1 to CSn.

An external driving circuit 7 1s provided on the outside of
a glass substrate 20, or 1s mounted on the glass substrate 20.
The glass substrate 20 and external driving circuit 7 are
connected by an FPC (Flexible Print Circuit) or the like. The
source driver 3 1s mounted on the glass substrate 20, The
external driving circuit 7 sends/receives pixel data, control
signals, etc. to/from the source driver 3.

In addition, the scanning line driving circuit 4 and a signal
line voltage control circuit (FDON circuit) 21 are provided
on the glass substrate 20. A control signal FDON 1s supplied
from the external driving circuit 7 to the scanning line
driving circuit 4 and signal line voltage control circuit 21.
By this control signal FDON, control 1s executed to suppress
a display defect (non-uniformity in display) at a time of
power-on. Incidentally, a high voltage VGH and a low
voltage VGL are supplied from the external driving circuit
7 to the scanning line driving circuit 4.

FIG. 2 1s a view for explaining an operation relating to the
control signal FDON of the display device which was
studied prior to the display device of the first embodiment.
For the purpose of convenience of description, only neces-
sary signals are depicted 1n a simplified fashion, and only a
part of the scanning line driving circuit 4 1s depicted. In
addition, the signal line voltage control circuit 21 1s depicted
in the upper part.

In the scanning line driving circuit 4, a logic circuit 41 and

a bufler circuit 13, which constitute a shift register, are
provided as a generation circuit for generating a scanning,
signal. As 1llustrated, a NAND circuit 22 and two-stage
inverters 23 and 24, which are connected 1n tandem to an
output terminal of the NAND circuit 22, are provided in
association with each scanning line. The NAND circuit 22
executes an arithmetic operation of an inverted logical
product between a timing signal for scanning line driving,
which 1s an output from, the logic circuit 41, and the control
signal FDON.

When the control signal FDON 1s at a low level (first logic
level), the output of the NAND circuit 22 1s at a high level
and the scanning level 1s also at a high level. Accordingly,
all pixel TF'Ts 1, which are connected to this scanning line,
are turned on. On the other hand, the control signal FDON
1s supplied to all NAND circuits 22 in the scanning line
driving circuit 4. Thus, when the control signal FDON 1s at
the low level, all pixel TFTs 1 1n the display area are turned
on.

The signal line voltage control circuit 21 includes a
plurality of PMOS ftransistors which are connected to the
respective signal lines. The control signal FDON 1s supplied
to the gates of these PMOS transistors. In addition, a voltage
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(hereinafter referred to as “Vcom™), which 1s 1dentical to the
voltage of the counter-electrode, 1s applied to the drains of
the PMOS transistors.

If the control signal FDON goes to the low level, all
PMOS transistors 1n the signal line voltage control circuit 21
are turned on, and Vcom 1s supplied to all signal lines. Thus,
Vcom 1s delivered to both the pixel electrode 2 and counter-
clectrode 3. Accordingly, the voltages at both ends of the
liquad crystal capacitance C2 become substantially equal,
and non-uniformity in display 1s made visually nonrecog-
nizable.

FIG. 3 1s a time chart at a time of power-on of the display
device which was studied prior to the display device of the
first embodiment.

The signals illustrated mn FIG. 3 are as follows. Vsig
represents a pixel voltage which 1s supplied from the source
driver 5. ASW 1-3 are signals for selecting sub-pixels of red
(R), green (G) and blue (B), which constitute one pixel. Vsig
1s supplied from the source driver 5 to a signal line corre-
sponding to the selected sub-pixel, STV is a start signal for
the scanning line driving circuit 4. CKV 1s a clock signal for
driving the shift register. UD 1s a signal for designating a
direction (up—down, down—up) 1n which video 1s dis-
played on the display device. FDON 1s a control signal for
suppressing non-uniformaity in display at a time of power-on.
High voltage VGH, low voltage VGL and counter-voltage
Vcom are power supply voltages which are generated by a
power supply control circuit 27 of the display device and are
supplied to the respective parts.

Next, referring to FIG. 3, a display non-uniformity sup-
pressing operation at a time ol power-on 1s described.

Before a timing T1 at which power 1s turned on, the states
of the respective signals are uncertain. If power 1s turned on
at timing 11, the signals ASW 1-3, STV, CKYV, UD and
FDON are set at low levels, respectively. In addition, the
power supply voltages VGH and VGL change to predeter-
mined voltages. On the other hand, Vcom goes mto an
uncertain state. This state 1s maintained for a period of three
frames. The three frames are a period for warming-up, and
a proper number of frames may be set for each display
device.

At a timing T2, the signals STV, CKV and UD are input.
In FIG. 3, although the details of the signals are not depicted,
the signals STV and CKV are the same signals as those at
a time of normal display operation. In this period, however,
no signal 1s given for Vsig, and ASW 1-3 are inoperative.
Accordingly, only the scanning line dniving circuit 4
executes the operation. Thereby, a reset operation 1is
executed for clearing a residual charge in the scanning line
driving circuit.

At a timing 13, boost of Vcom 1s started. In this state, the
control signal FDON 1s at the low level. Accordingly, all
PMOS transistors in the signal line voltage control signal 21
are turned on, and Vcom 1s supplied to the signal line. In the
meantime, as described above, when the control signal
FDON 1s at the low level, the output of the NAND circuit 22
goes to the high level, and the scanning line also goes to the
high level. Thus, the pixel TFT 1 1s turned on, and Vcom 1s
applied to both the pixel electrode 2 and counter-electrode 3.
Accordingly, for example, in a normally-black liqud crystal
mode, since a black level 1s displayed on the entire screen,
non-uniformity in display 1s eliminated.

At a timing T4, FDON i1s released. Specifically, since the
control signal FDON 1s set at a high level (second logic
level), all PMOS transistors in the signal line voltage control
circuit 21 are turned off, and Vcom i1s no longer supplied to
the signal line. On the other hand, at the timing T4, a video
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signal 1s given for Vsig, and ASW 1-3 start to operate.
Accordingly, Vsig 1s supplied to the signal line S, and the
display operation 1s started.

FIG. 4 1s a time chart for explaining a problem at a time
of power-on of the display device which was studied prior
to the display device of the first embodiment.

The signals 1llustrated 1n FIG. 4 are as follows. Gates 1-4
are gate signals for driving the pixel TFTs 1, which are
output to gate lines G1 to G4. VGH current and VGL current
are currents measured by the power supply control circuit 27
which supplies high voltage VGH and low voltage VGL.
Since the other signals have already been described, an
overlapping description 1s omitted.

Next, a problem at a time of power-on will be described
with reference to FIG. 4.

In a period 1n which the control signal FDON 1s at the low
level, high-level signals (VGH voltage) for turning on pixel
TFTs 1 are output to all of the gate lines Gate 1 to Gate 4,
as described above. IT the control signal FDON goes to the
high level, the levels of the gate signals Gate 1 to Gate 4 are
switched from the high level (VGH voltage) to the low level
(VGL voltage). Thereatter, the gate signals Gate 1 to Gate 4
become scanning pulse signal which are sequentially driven,
and the display operation 1s executed.

Incidentally, although four gate signals are depicted in
FIG. 4, for example, 1920 gate lines are provided 1n a
display device of FHD (1ull high-vision). Accordingly, when
FDON has been released, 1920 signals are switched at the
same time from the use of VGH voltage to the use of VGL
voltage. As a result, a large instantancous VGL current
flows.

In this manner, since the large instantaneous current flows
cach time power 1s turned on, a load on circuit elements of
the display device increases. By the continuous repetition of
this state, the degradation of circuit elements 1s accelerated,
leading to a cause of the occurrence of a fault.

Next, a method of solving the above problem 1s described.

FIG. SA and FIG. 5B are views for describing a scanning,
line driving circuit of the display device of the first embodi-
ment. FIG. 5A illustrates a schematic structure of a scanning,
line driving circuit which was used 1n the above-described
study, and FIG. 5B illustrates a schematic structure of a
scanning line driving circuit of the display device of the first
embodiment.

As shown 1 FIG. 3B, 1n the bufler circuit 13, a memory
circuit 15 1s newly provided. An output signal of the logic
circuit 41, which constitutes the shift register, 1s supplied to
an mput terminal IN1 of the memory circuit 15, and a control
signal FDON 1s supplied to an mput terminal IN2 of the
memory circuit 15. An output terminal OUT1 of the memory
circuit 15 1s connected to one mput terminal of the NAND
circuit 22. An output signal of the logic circuit 41 1s input to
the other mput terminal of the NAND circuit 22. The
subsequent circuit configuration 1s the same as the configu-
ration of the above-described bufler circuit 13.

The memory circuit 135 1s composed of a sequence circuit,
and even when the control signal FDON has changed from
the low level to high level, the level of the output terminal
OUT1 does not change until a pulse signal that 1s a shait
register output 1s output from the logic circuit 41.

FIG. 6 1s a time chart for explaining an operation of the
scanning line driving circuit of the display device of the first
embodiment. This time chart illustrates the control signal
FDON, output signals SR of the logic circuit, and gate
signals Gate which are output to scanning lines.

At a timing T0, the control signal FDON changes from the
low level to high level. However, by the above-described
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memory circuit 15, the gate signals Gate are kept at the high
level. Then, if output signals SR1, .. ., SR4 are output, the

gate signals Gatel, . . ., Gated change to the low level at the
respective timings. After a gate signals Gate were changed
to the low level, the gate signals, which are subsequently
input to the scanming lines become scanning pulse signals
for sequential driving, and the display operation 1s executed.

FIG. 7 1s a time chart for explaining an operation at a time
of power-on of the display device of the first embodiment.

When the control signal FDON has changed to the low
level, the gate signals Gatel, . . . , Gated4 change to the high
level at the same time. Subsequently, although the control
signal FDON changes to the high level, the gate signals
Gatel, . . ., Gated are kept at the high level by the operation
of the memory circuit 15, as described above. Then, at a
timing when output signals (not shown) have been output
from, the logic circuit 41 that constitutes the shift register,
the gate signals Gatel, . . ., Gated successively change to the
low level.

In this manner, even when the control signal FDON has
been released, the gate signals do not change to the low level
at a time, but the gate signals successively change to the low
level in 1 frame period. Therefore, the flow of a large
instantaneous VGL current can be avoided.

In the 1 frame period in which the gate signals are
successively changed to the low level, the voltage that 1s
applied to the signal line S 1s not particularly specified.
However, 1t 1s desirable that Vsig be not supplied from the

source driver 5 to the signal line S, without ASW1 to ASW3
being operated. On the other hand, ASW1 to ASW3 may be
operated and Vcom may be output as Vsig signal to the
signal line S from the source driver 5.

Second Embodiment

In a second embodiment, the structure of the scanming line
driving circuit differs from that in the first embodiment. The
same parts as 1n the first embodiment are denoted by like
reference numerals, and a detailed description thereof 1s
omitted.

FIG. 8 1s a view for explaining an operation relating to a
control signal FDON of a display device of the second
embodiment. For the purpose of convenience of description,
only necessary signals are depicted 1n a simplified fashion.
In addition, the signal line voltage control circuit 21 1is
depicted 1n the upper part.

In the second embodiment, the scanning line driving
circuit includes a scanming line driving circuit 40 which
drives scanning lines of odd-numbered rows, and a scanning
line driving circuit 4e which drives scanning lines of even-
numbered rows. The control signal FDON 1s directly sup-
plied to the scanning line driving circuit 4o and signal line
voltage control circuit 21. In addition, the control signal
FDON 1s supplied to the scanning line driving circuit 4e via
a delay circuit 25. Incidentally, the memory circuit, which
has been described in connection with the first embodiment,
1s not adopted 1n the second embodiment.

According to this structure, the timing at which the
control signal FDON changes from the low level to nigh
level can be made different between the scanning line
driving circuit 4o and the scanming line driving circuit 4e. In
addition, 1n the second embodiment, unlike the first embodi-
ment, since the memory circuit may not be provided, the
flow of a large instantaneous VGL current can be suppressed
with a simplified structure.

In the second embodiment, the scanning line driving
circuits 4o and 4e are provided on both sides of the display
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arca. However, aside from this configuration, the scanning
line driving circuits 4o and 4e may be provided on one side.

Besides, 1n the first embodiment, the scanning line driving,
circuit 4 may be separated into two circuits, namely the
scanning line driving circuits 4o and scanning line driving
circuits de.

In the above-described embodiment, the source driver 5
and signal line voltage control circuit 21 may be constructed
as one unit.

Furthermore, the polarity of the transistors used in the
signal line voltage control circuit 21 may be changed from
the P type to N type. At this time, the device may be
configured such that the levels (high level, low level), at
which the transistor operates, are reversed.

Third Embodiment

A third embodiment differs from the first and second
embodiments 1n that the structures of the first and second
embodiments are applied to an organic EL display device.
The same parts as in the first embodiment are denoted by
like reference numerals, and a detailed description thereof 1s
omitted.

FI1G. 9 1s a plan view 1illustrating a display device accord-
ing to the third embodiment. As illustrated in FIG. 9, the
display device includes an organic EL panel 101, and a
controller 102 which controls the operation of the organic
EL panel 101.

The organic EL panel 101 includes a display area 103, a
scanning line driving circuit 104q, a scanning line driving
circuit 10454, and a source driver 105.

The display area 103 includes (nxm) display pixels PX
which are arrayed 1n a matrix on an insulative substrate with
light transmissivity, such as a glass plate. First scanning
lines Ga (1-n), second scanning lines Gb (1~n) and reset
power lines RST (1~n) are disposed along rows 1n which
display pixels PX are arranged, and are connected to the
respective display pixels. In addition, an m-number of video
signal lines Sig (1~m) are disposed along columns 1n which
the display pixels PX are arranged, and are connected to the
display pixels of the respective columns. Further, a high-
potential power line Vdd and a low-potential power line Vss
are connected to each display pixel. In the meantime, in each
row of the display area 103, three display pixels PX for R
(red) display, G (green) display and B (blue) display are
alternately arranged.

The scanning line driving circuit 104a sequentially drives
the first scanning lines Ga (1~n) and second scanning lines
Gb (1-n) in units of a row of display pixels PX. The
scanning line driving circuit 1045 outputs a reset voltage
VRST to the reset power lines RST (1~n). The source driver
105 drives plural video signal lines Sig (1~m). The scanning
line driving circuits 104a and 1045 and source driver 105 are
integrally formed on the insulative substrate on the outside
of the display area 103, and constitute, together with the
controller 102, a control module.

In addition, on the msulative substrate, a signal line
voltage control circuit (FDON circuit) 121 1s provided. A
control signal FDON 1s supplied from the controller 102 to
the scanming line driving circuit 104q and signal line voltage
control circuit 121. By this control signal FDON, control 1s
executed to suppress a display defect (non-uniformity in
display) at a time ol power-on. The signal line voltage
control circuit (FDON circuit) 121 includes a plurality of
NMOS ftransistors which are connected to the respective
signal lines. The control signal FDON 1s supplied to the
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gates of these NMOS transistors. Further, an imitialization
voltage VINI 1s supplied to the sources of these NMOS
transistors.

FIG. 10 1s a view illustrating an equivalent circuit of a
display pixel of the display device of the third embodiment.
Each display pixel PX functioning as a pixel module
includes an organic EL element 115 which 1s a self-luminous
clement, and a pixel circuit 106 which supplies a driving
current to the organic EL element 115.

The pixel circuit 106 of the display pixel PX shown 1n
FIG. 10 1s a pixel circuit by a voltage signal method, which
controls light emission of the organic EL element 115 1n
accordance with a video signal which 1s composed of a
voltage signal. The pixel circuit 106 includes a driving
transistor 111, a pixel switch 112, an output switch 113, and
a storage capacitance 114 functioning as a capacitor. In
addition, the pixel circuit 106 1s connected to a reset power
line RST to which a reset voltage VRST 1s output from, a
reset switch 116 which i1s provided in the scanning line
driving circuit 1045.

In the display device according to the third embodiment,
the driving transistor 111, pixel switch 112 and output switch
113 are composed of TF'Ts (thin-film transistors) of the same
conductivity type, for example, an N-channel type. In addi-
tion, the thin-film transistors, which constitute the driving
transistor 111 and each switch, are all formed 1n the same
fabrication steps with the same layer structure, and are, for
instance, top-gate-type thin-film transistors using 1GZO,
a-S1 or polysilicon for semiconductor layers. Incidentally,
cach switch 1s not limited to the N-channel type, and may be
a P-channel type 11 the function as a switch 1s implemented.

Each of the dniving transistor 111, pixel switch 112, output
switch 113 and reset switch 116 includes a first terminal, a
second terminal and a control terminal. In the description
below, 1n some cases, the first terminal, second terminal and
control terminal may be referred to as a source, a drain, and
a gate, respectively.

In the pixel circuit 106 of the display pixel PX, for
example, 1 a display pixel PX for green (G) display, the
driving transistor 111 and output switch 113 are connected 1n
series to the organic EL eclement 115 between a high-
potential power line Vdd and a low-potential power line Vss.
The power line Vdd i1s set at a potential of, e.g. 10V, and the
power line Vss 1s set at a potential of, e.g. -4 V.

In the output switch 113, the second terminal thereof, or
the drain 1n this case, 1s connected to the power line Vdd, the
first terminal thereof, or the source 1n this case, 1s connected
to the reset power line RST and the second terminal, or the
drain 1n this case, of the drniving transistor 111, and the
control terminal thereol, or the gate 1n this case, 1s connected
to a second scanning line Gb. Thereby, the output switch 113
1s ON (turn-on state)/OFF (turn-ofl state) controlled by a
control signal BG from the second scanning line Gb, thus
controlling the light emission time of the organic EL element
115.

In the driving transistor 111, the first terminal thereof, or
the drain 1n this case, 1s connected to the source of the output
switch 113 and the reset power line RST, and the second
terminal thereof, or the source 1n this case, 1s connected to
one terminal, or the anode 1n this case, of the organic EL
clement 115. The cathode of the organic EL element 115 1s
connected to the power line Vss. The driving transistor 111
outputs a driving current of a current amount, which corre-
sponds to the video signal, to the organic EL element 115.

In the pixel switch 112, the second terminal thereof, or the
drain 1n this case, 1s connected to a video signal line S1g, and
the first terminal thereof, or the source in this case, 1s
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connected to the gate of the driving transistor 111. The gate
of the pixel switch 112 1s connected to a first scanning line
(Ga which functions as a gate line for signal write control,
and 1s ON/OFF controlled by a control signal SG which 1s
supplied from the first scanning line Ga. In response to the
control signal SG, the pixel switch 112 controls connection/
disconnection between the pixel circuit 106 and the video
signal line Sig, and takes the video voltage signal into the
pixel circuit 106 from the corresponding video signal line
S1g.

The storage capacitance 114 has two opposed terminals,
1s connected between the gate and source of the driving
transistor 111, and retains a gate control potential of the
driving transistor 111 which i1s determined by the video
signal.

The reset switch 116, which 1s provided in the scanning
line driving circuit 1045, 1s connected between the drain of
the driving circuit 111 and the reset power line RST 1n each
of the rows. The gate of the reset switch 116 1s connected to
a third scanning line Gc¢ which functions as a gate line for
reset control. The reset switch 116 1s ON (turn-on state)/OFF
(turn-ofl state) controlled 1n accordance with a control signal
RG from the third scanning line Gc, thereby mitializing the
source potential of the driving transistor 111.

On the other hand, the controller 102 shown 1n FIG. 9 1s
disposed on a printed circuit board which 1s disposed on the
outside of the organic EL panel 101, and the controller 102
controls the scanning line driving circuits 104a and 1045
and the source driver 105. The controller 102 receives a
digital video signal and a sync signal, which are supplied
from the outside, and generates, based on the sync signal, a
vertical scanning control signal for controlling a vertical
scanning timing, and a horizontal scanning control signal for
controlling a horizontal scanning timing.

Then, the controller 102 supplies the vertical scanming
control signal and horizontal scanming control signal to the
scanning line driving circuits 104a and 1045 and the source
driver 105, and supplies the digital video signal and 1nitial-
ization signal to the source driver 105 i sync with the
horizontal and vertical scanning timings.

The source driver 105 converts video signals, which are
sequentially obtained 1n each horizontal scanning period by
the control of the honizontal scanning control signal, to
analog-format signals, and supplies gradation voltage sig-
nals Vsig of a plurality of gradation values, which include a
video voltage signal for red, a video voltage signal for green
and a video voltage signal for blue corresponding to the
video signals, to a plurality of video signal lines Sig (1~m)
in a parallel manner. In addition, the source driver 1035
supplies 1nitialization voltage signals to the plural video
signal lines Sig (1~m) 1n a parallel manner 1n each 1
horizontal period

The scanning line drlvmg circuit 104q includes a shiit
register, an output builer, etc., sequentially transiers a ver-
tical scan start pulse, which 1s supphed from the outside, to
the next stage, and supplies two kinds of control signals,
namely SG (1-n) and BG (1~n), to the display pixels PX of
cach row via the output bufler. Thereby, the first scanning
lines Ga (1~n) and second scanning lines Gb (1-~n) are
driven by the control signals SG (1~n) and BG (1~n),
respectively.

The scanning line driving circuit 10456 includes the reset
switch 116, a shiit register, an output buller, etc., sequen-
tially transiers a vertical scan start pulse, which 1s supplied
from the outside, to the next stage, controls the reset switch
116 by the generated control signal RG (1~n), and supplies
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a reset voltage VRST to the display pixels PX of each row
through the reset power line RST (1~n).

Next, a description 1s given of an operation at a time of
power-on of the display device having the above-described
structure.

At a time of power-on, the scanning line driving circuit
104a outputs a control signal BG of a level (OFF potential),
or a low level 1n this case, which sets the output switch 113
in the OFF state, and a control signal SG of a level (ON
potential), or a high level 1n this case, which sets the pixel
switch 112 in the ON state. In addition, 1n the scanning line
driving circuit 1045, the control signal RG 1s set at a level,
or a high level in this case, which sets the reset switch 116
in the ON state.

Thereby, the output switch 113 1s turned off (turn-off
state) and the pixel switch 112 and reset switch 116 are
turned on (turn-oif state), the reset voltage VRST 1s supplied
from the reset power line RST to the driving transistor 111,
and the reset operation 1s started. Specifically, the potential
of the source and drain of the driving transistor 111 1s reset
at a potential, for example, -3 V, which corresponds to the
reset voltage VRST, and the potential state before power-on
1s 1nitialized.

In addition, at the time of power-on, if the FDON signal
goes to the high level, all NMOS transistors in the signal line
voltage control circuit 21 are turned on, and the mitialization
voltage signal VINI 1s supplied to all signal lines. The
initialization voltage signal VINI, which 1s output via the
video signal line Sig (1~m), 1s applied to the gate of the
driving transistor 111 via the pixel switch 112. Thereby, the
gate potential of the drniving transistor 111 1s reset at the
potential corresponding to the imitialization voltage signal
VINI, and 1s mitialized from the state before power-on. The
initialization voltage signal VINI is set at, for example, 1 V.

As has been described above, 1n the display device of the
third embodiment, too, the display device can be set 1n the
initial state, like the display devices of the first and second
embodiments. Thus, by the provision of the same structure
(FI1G. 5 to FIG. 8) as the structures of the display devices of
the first and second embodiments, an 1increase 1n instanta-
neous current due to the switching of the power supply
voltage can be suppressed. In the meantime, since the mode
ol suppressing the increase in instantaneous current due to
the switching of the power supply voltage in the display
device of the third embodiment is the same as in the display
devices of the first and second embodiments, a detailed
description thereof 1s omuitted.

As has been described above, the present mmvention 1s
applicable to not only specific display devices, such as a
liquad crystal display device, an organic EL display device
and an imorgamic EL display device, but also to a wide
variety ol general display devices.

According to each of the above-described embodiments,
it 1s possible to suppress an increase in mstantaneous current
due to switching of a power supply voltage, also 1n a display
device, such as FHD (full high-vision), having a higher
resolution than conventional display devices. It 1s therefore
possible to avoid such a situation that the load on the driving
circuit icreases, leading to a factor of the occurrence of a
fault of the display device. Moreover, it 1s possible to
prevent such a situation from occurring, that the specifica-
tions relating to an instantaneous current, which are required
for the display device, are unachieved due to the increase 1n
current.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
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Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the iventions.

Various inventions can be made by properly combining
structural elements disclosed in the embodiments. For

example, some structural elements may be omitted from all
the structural elements disclosed in the embodiments. Fur-
thermore, structural elements 1n different embodiments may
properly be combined.

What 1s claimed 1s:

1. A display device comprising:

a substrate including scanning lines, pixel switching ele-
ments connected to the scanning lines, and a scanming,
line driving circuit connected to the scanning lines;

wherein the scanning line driving circuit includes:

a shift register configured to shift a start signal;

a first output circuit configured to generate a first output
signal based on a control signal and an output signal
from the shift register; and

a second output circuit configured to output a scanning,
signal based on the first output signal and the output
signal from the shift register,

wherein the scanning line driving circuit 1s configured to
turn on all the pixel switching elements when the
control signal 1s at a first logic level, and 1s configured
to turn off the pixel switching elements at different
timings for the different scanning lines in response to
input of a shift signal from the shift resister to the first
output circuit when the control signal 1s at a second
logic level.

2. The display device of claim 1,

wherein the scanning line driving circuit 1s configured to
turn off the pixel switching elements by sequentially
selecting the scanning lines, when the control signal 1s
at the second logic level.

3. The display device of claim 1,

wherein the scanning line driving circuit includes a first
scanning line driving circuit and a second scanning line
driving circuit,

the first scanming line driving circuit includes the shift
register, the first output circuit, and the second output
circuit, and sequentially drives the scanning lines,

the second scanning line driving circuit includes a reset
switch, and outputs a reset voltage to a reset power line.
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4. A display device comprising:

a substrate including scanning lines, pixel switching ele-
ments connected to the scanning lines, a scanning line
driving circuit connected to the scanning lines, and a
pixel circuit provided to each of the pixel switching
elements;

wherein the scanning line driving circuit includes:

a shift register configured to shift a start signal;

a {irst output circuit configured to generate a first output
signal based on a control signal supplied from out-
side of the substrate and an output signal from the
shift register; and

a second output circuit configured to output a scanning,
signal based on the first output signal and the output
signal from the shiit register,

wherein the scanning line driving circuit 1s configured to
turn on all the pixel switching elements when the
control signal 1s at a first logic level, and 1s configured
to turn off the pixel switching elements at different
timings for the different scanning lines in response to
input of a shift signal from the shift resister to the first
output circuit when the control signal i1s at a second
logic level.

5. The display device of claim 4,

wherein the scanning line driving circuit includes a first
scanning line driving circuit and a second scanning line
driving circuit,

the first scanning line driving circuit includes the shaft
register, the first output circuit, and the second output
circuit, and sequentially drives the scanning lines,

the second scanning line driving circuit includes a reset
switch, and outputs a reset voltage to a reset power line.

6. The display device of claim 5,

wherein the pixel circuit includes a pixel switching ele-
ment, a driving transistor, and an output switch,

wherein the pixel circuit supplies a driving current to a
display pixel,

wherein the pixel circuit 1s configured to control a gra-
dation of display, and 1s connected to the reset power
line.

7. The display device of claim 4,

wherein the scanning line driving circuit 1s configured to
deliver a signal for in1tializing the pixel circuit to all the
scanning lines via the pixel switching elements when a
control signal, which 1s supplied from an outside of the
substrate, 1s at the first logic level.

8. The display device of claim 4,

wherein the scanning line driving circuit 1s configured to
turn ofl the pixel switching elements by sequentially
selecting the scanning lines, when the control signal 1s

at the second logic level.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

